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(54) Method and apparatus for electrosurgically treating tissue 



(57) Tissue impedance or tissue impedance in com- 
bination with tissue temperature is used to control elec- 
trosurgical tissue treatment. Tissue impedance alone 
provides better control of electrosurgical treatment by 
determining an initial maximum tissue impedance, amin- 
imum tissue impedance selecting a point between the 
maximum and minimum impedances, preferably the av- 
erage, as an impedance threshold, and turning off ri pow- 
er to the electrosurgical instrument when the impedance 
reaches the threshold as it rises from the minimum. Con- 
trol may also be by the combination of tissue impedance 
and temperature. Temperature is controlled to maintain 



a selected preferred temperature and a maximum tem- 
perature is also selected so that if the tissue reaches the 
maximum temperature, power is turned off. Impedance 
control is combined with temperature control so that the 
temperature of the instrument is maintained at a selected 
preferred temperature unless a maximum temperature 
is exceeded, which normally will not happen. The imped- 
ance is also monitored with maximum and minimum val- 
ues being determined as well as a threshold impedance 
between the max and the min. When the threshold, pref- 
erably the average impedance, is reached, power is re- 
moved from the instrument. 
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Description 

Background of the Invention 

The present invention relates in general to electro- 
surgical treatment of tissue and, more particularly, to a 
method and apparatus for electrosurgical treatment 
wherein tissue impedance or tissue impedance in com- 
bination with tissue temperature are used to control the 
electrosurgical treatment. 

Many available radio frequency (rf) generators for 
use in the medical field for surgical purposes including 
cauterization, dissection, transection, tissue welding and 
the like, generally do not effectively regulate the electri- 
cal power supplied to an electrosurgical instrument. Typ- 
ically such generators control the voltage such that a se- 
lected power level is approximately delivered and a max- 
imum power level is not exceeded. When such rf gener- 
ators are used, the primary control is the experience of 
the surgeon who responds to what is observed as hap- 
pening to the tissue being treated using the rf energy. 
Often, particularly for endoscopic procedures, surgeons 
can not see what is happening to the tissue and may not 
be able to react quickly enough even if good observation 
is possible. 

A variety of instrument and rf energy generator con- 
trol arrangements have been proposed. For example, 
temperature sensors have been incorporated into rf for- 
ceps to sense the temperatures of the contact faces of 
the forceps with the rf power applied to the forceps being 
controlled based on the temperature of one or both of 
the contact faces or the temperature difference between 
the contact faces. 

Rf power has been controlled in accordance with the 
square of the impedance over the range of increasing 
tissue impedance. The differential quotient of tissue im- 
pedance has also been considered with regard to deter- 
mining the initial power level and the time for switching 
off rf power applied to tissue. 

Notwithstanding these control arrangements, there 
is a continuing need in the art for different approaches 
and techniques for the control of rf energy powered sur- 
gical instruments to better assist surgeons and improve 
treatment using rf energy. 

Summary of the Invention 

This need is met by the invention of the present ap- 
plication wherein tissue impedance or tissue impedance 
in combination with tissue temperature is used to control 
electrosurgical tissue treatment. Tissue impedance can 
be used by itself for better control of electrosurgical treat- 
ment by determining an initial tissue impedance which is 
a maximum impedance for the tissue, a minimum imped- 
ance for the tissue which signals the end of the initial 
tissue heating and the onset of tissue desiccation, se- 
lecting a point between the maximum and minimum im- 
pedances as a threshold, and turning off power to the 



electrosurgical instrument when the impedance reaches 
the threshold as it rises from the minimum after falling 
from the maximum to the minimum. Preferably, the 
threshold is selected as the average between the maxi- 
5 mum and minimum impedance values. 

Further and more precise control is effected by the 
combination of tissue impedance and temperature to 
control electrosurgical treatment. The temperature is 
controlled to maintain a selected preferred temperature 
io for the electrosurgical procedure being performed. A 
maximum temperature is also selected such that if the 
tissue reaches the maximum temperature the power is 
turned off to the electrosurgical instrument. Impedance 
control is combined with temperature control by incorpo- 
15 rating the previously described impedance control cf the 
instrument with the temperature control. Thus, the tem- 
perature of the instrument is maintained at a selected 
preferred temperature unless a maximum temperature 
is exceeded, which normally will not happen. The imped- 
20 ance is also monitored with maximum and minimum val- 
ues being determined as well as a threshold impedance 
between the maximum and the minimum. When the 
threshold, preferably the average impedance, is 
reached, power is removed from the instrument. 
25 in accordance with one aspect of the present inven- 
tion, an electrosurgical apparatus for coagulating tissue 
during a surgical procedure comprises first and second 
elements electrically insulated from one another and 
movable relative to one another for engaging tissue to 
30 be coagulated therebetween. A power controller respon- 
sive to a power control signal provides for controlling rf 
energy connected to the first and second elements. Im- 
pedance measurement circuitry coupled to the first and 
second elements measures the impedance of tissue be- 
35 tween the first and second elements. The impedance 
measuring circuitry includes a first device for storing an 
initial impedance value which is a maximum impedance, 
and a second device for storing a minimum impedance 
value. A threshold determining circuit is coupled to the 
40 first and second devices for determining a threshold im- 
pedance value between the initial maximum impedance 
value and the minimum impedance value. A first compa- 
rator compares measured impedance values to the 
threshold impedance value and generates a power con- 
45 trol signal to stop the power controller upon the meas- 
ured impedance value exceeding the threshold imped- 
ance value. 

For use of commonly available rf power generators, 
the power controller includes at least one electrical 
50 switch for selectively applying rf energy to the first and 
second elements for coagulating tissue positioned be- 
tween the first and second elements. The threshold de- 
termining circuit comprises an averaging circuit for de- 
termining an average impedance value approximately 
55 midway between the initial maximum impedance value 
and the minimum impedance value and setting the 
threshold impedance to the average impedance value. 
The electrosurgical apparatus may further comprise 
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at least one temperature sensor coupled to the first ele- 
ment or at least one temperature sensor coupled to the 
first element and at least one temperature sensor cou- 
pled to the second element. A third device determines a 
maximum acceptable temperature for coagulating tis- 
sue. A second comparator compares the maximum ac- 
ceptable temperature to a tissue temperature. The tissue 
temperature is derived from temperatures indicated by 
the at least one temperature sensor coupled to the first 
element or the temperature sensors coupled to the first 
and second elements. The second comparator gener- 
ates a control signal to enable the power controller as 
long as the tissue temperature does not exceed the max- 
imum acceptable temperature and to disable the power 
controller upon a tissue temperature exceeding the max- 
imum acceptable temperature. 

In accordance with another aspect of the present in- 
vention, an apparatus for electrosurgically treating tissue 
during a surgical procedure comprises an instrument for 
applying rf energy to tissue to be electrosurgically treat- 
ed. Impedance measurement circuitry is coupled to the 
instrument for measuring the impedance of tissue en- 
gaged by the instrument and for generating a represent- 
ative impedance signal. Temperature measurement cir- 
cuitry is coupled to the instrument for measuring the tem- 
perature of tissue engaged by the instrument and for 
generating a representative temperature signal. Control 
circuitry responsive to the impedance signal and the tem- 
perature signal is provided for controlling rf energy con- 
nected to the instrument. 

In one embodiment of the invention, the instrument 
comprises a pair of forceps for coagulating tissue during 
a surgical procedure. The impedance measurement cir- 
cuitry comprises a first device for storing an initial maxi- 
mum impedance value and a second device for storing 
a minimum impedance value. The control circuitry com- 
prises a threshold determining circuit connected to the 
first and second devices for determining a threshold im- 
pedance value between the initial maximum impedance 
value and the minimum impedance value. A first compa- 
rator compares measured impedance values to the 
threshold impedance value and generates a control sig- 
nal to stop the power controller upon the measured im- 
pedance value exceeding the threshold impedance val- 
ue. For use of commonly available rf power generators, 
the control circuitry includes at least one electrical switch 
for selectively applying rf energy to the instrument. 

In accordance with still another aspect of the present 
invention, a method of operating apparatus for electro- 
surgically treating tissue during a surgical procedure 
comprises the steps of: applying rf energy to tissue to be 
electrosurgically treated by means of an electrosurgical 
instrument; measuring the impedance of tissue engaged 
by the electrosurgical instrument; generating an imped- 
ance signal representative of the impedance of the tis- 
sue; measuring the temperature of tissue engaged by 
the electrosurgical instrument; generating a temperature 
signal representative of the temperature of the tissue; 



and, controlling the rf energy applied to the electrosurgi- 
cal Instrument in response to the impedance signal and 
the temperature signal. 

The step of controlling the rf energy applied to the 

5 electrosurgical instrument may comprise the steps of: 
storing an initial maximum impedance value; storing a 
minimum impedance value: determining a threshold im- 
pedance value between the initial maximum impedance 
value and the minimum impedance value; comparing 

io measured impedance values to the threshold imped- 
ance value; and, generating a control signal to stop the 
power controller upon the measured impedance value 
exceeding the threshold impedance value. 

The step of applying rf energy to tissue to be elec- 
ts trosurgically treated by means of an electrosurgical in- 
strument may comprise the step of selectively applying 
rf energy to the electrosurgical instrument. 

The step of controlling the rf energy applied to the 
electrosurgical instrument may also comprise the steps 

20 of: storing a maximum acceptable temperature for oper- 
ation of the electrosurgical instrument; comparing tem- 
perature signals and the maximum acceptable temper- 
ature; enabling the step of applying rf energy as long as 
temperature signals do not exceed the maximum accept - 

25 able temperature; and, disabling the step of applying rf 
energy for a temperature signal exceeding the maximum 
acceptable temperature. 

In accordance with yet another aspect of the present 
invention, a method of operating electrosurgical appara- 

30 tus for coagulating tissue during a surgical procedure 
comprises the steps of: engaging tissue to be coaaulated 
between first and second elements electrically insulated 
from one another and movable relative to one another; 
selectively controlling rf energy connected tothe first and 

35 second elements for coagulating tissue positioned ther- 
ebetween; measuring the impedance of tissue posi- 
tioned between the first and second elements; storing an 
initial maximum impedance value; storing a minimum im- 
pedance value; determining a threshold impedance val- 

40 ue between the initial maximum impedance value and 
the minimum impedance value; comparing measured 
impedance values to the threshold impedance value; 
and, stopping the rf energy connected to the first and 
second elements upon the measured impedance value 

45 exceeding the threshold impedance value. 

The step of selectively controlling rf energy connect- 
ed to the first and second elements comprises the step 
of switching the rf energy on and off. 

The step of determining a threshold impedance val- 

50 ue between the initial maximum impedance value and 
the minimum impedance value may comprise the steps 
of: determining an average impedance value between 
the initial maximum impedance value and the minimum 
impedance value: and, setting the threshold impedance 

55 to the average impedance value. 

The method may further comprise the steps of: cou- 
pling temperature sensors to the first and second ele- 
ments; storing a maximum acceptable temperature for 
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coagulating tissue; comparing temperatures from the 
temperature sensors and the maximum acceptable tem- 
perature; enabling the rf energy as long as a temperature 
of one of the temperature sensors does not exceed the 
maximum acceptable temperature; and ; disabling the rf 
energy upon a temperature of one of the temperature 
sensors exceeding the maximum acceptable tempera- 
ture. 

In accordance with still yet another aspect of the 
present invention, a method of operating apparatus for 
electrosurgically treating tissue during a surgical proce- 
dure comprises the steps of: applying rf energy to tissue 
to be electrosurgically treated by means of an electro- 
surgical instrument through an rf energy switch; meas- 
uring the temperature of tissue engaged by the electro- 
surgical instrument; generating a temperature signal 
representative of the temperature of the tissue; control- 
ling the rf energy switch in response to the temperature 
signal to maintain a selected temperature for tissue en- 
gaged by the electrosurgical instrument; measuring the 
impedance of tissue engaged by the electrosurgical in- 
strument; generating an impedance signal representa- 
tive of the impedance of the tissue; and, controlling the 
rf energy switch in response to the impedance signal to 
stop the application of the rf energy to tissue engaged 
by the electrosurgical instrument. 

The step of controlling the rf energy switch in re- 
sponse to the impedance signal to stop the application 
of the rf energy to tissue engaged by the electrosurgical 
instrument may comprise the steps of: storing an initial 
maximum impedance value; storing a minimum imped- 
ance value; determining a threshold impedance value 
between the initial maximum impedance value and the 
minimum impedance value; comparing measured im- 
pedance values to the threshold impedance value; and, 
generating a control signal to stop the power controller 
upon the measured impedance value exceeding the 
threshold impedance value. 

The step of determining a threshold impedance val- 
ue between the initial maximum impedance value and 
the minimum impedance value may comprise finding the 
midpoint between the initial maximum impedance value 
and the minimum impedance value. 

The method may further comprise the steps cf: set- 
ting a maximum temperature of tissue engaged by the 
electrosurgical instrument; comparing measured tem- 
perature values to the maximum temperature; and, gen- 
erating a control signal to stop the power controller upon 
a measured temperature value exceeding the maximum 
temperature value. 

It is thus an object of the present invention to provide 
an improved method and apparatus for controlling elec- 
trosurgical instrument control; to provide an improved 
method and apparatus for controlling electrosurgical in- 
strument control wherein an impedance threshold be- 
tween an initial maximum impedance and a minimum im- 
pedance is selected and used to shut off rf power to the 
instrument when the threshold is reached: and, to pro- 



vide an improved method and apparatus for controlling 
electrosurgical instrument control wherein both temper- 
ature and impedance measurements are used to control 
the instrument. 

5 Other objects and advantages of the invention will 
be apparent from the following description, the accom- 
panying drawings and the appended claims. 

Brief Description of the Invention 

10 

Fig. 1 is a perspective view of a pair of endoscopic 
bipolar electrosurgical forceps operable in accord- 
ance with the present invention; 

15 Fig. 2 is a perspective view of tissue gripping ele- 
ments of the forceps of Fig. 1 shown on an enlarged 
scale to illustrate temperature sensors coupled to 
the tissue gripping elements; 

20 Fig. 3 is a schematic block diagram of apparatus for 
controlling the forceps of Fig. 1 for electrosurgically 
treating tissue in accordance with the present inven- 
tion; 

25 Figs. 4 and 5 form a flow chart for operation of a 
microprocessor controller when used in the appara- 
tus of Fig. 3; 

Fig. 6 is a schematic block diagram of an alternate 
30 embodiment of a controller for use in the apparatus 
of Fig. 3; and 

Fig. 7 is a graph illustrating the change of impedance 
over time during application of electrosurgical 
35 energy to tissue. 

Detailed Description of the Invention 

While the present invention is generally applicable 
40 to a variety of surgical instruments, both conventional 
and endoscopic, it will be described herein with refer- 
ence to a pair of endoscopic bipolar electrosurgical for- 
ceps for which the invention is initially being applied. As 
shown in Fig. 1 , a pair of endoscopic bipolar electrosur- 
45 gjcal forceps 100 operable in accordance with the 
present invention includes a proximal handle operating 
end 1 02 and first and second gripping elements 104, 106 
atthe distal end of the instrument. The gripping elements 
are electrically insulated from one another and movable 
50 relative to one another for engaging tissue to be coagu- 
lated therebetween. 

The distal gripping elements 1 04, 1 06 are separated 
from the proximal handle operating end 102 by a long 
tubular member 108. In terms of gripping tissue, the pair 
55 of endoscopic bipolar electrosurgical forceps 1 00 are op- 
erated in a conventional well known manner by moving 
the forward handle portion 102A toward the rearward 
handle portion 102B. Accordingly, description of the for- 
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ceps will be made only to the extent necessary for un- 
derstanding the present invention. 

For operation in accordance with the present inven- 
tion, the gripping elements 1 04, 1 06 are modified to cou- 
ple at least one temperature sensor to each of the grip- 
ping elements 104, 106. In the illustrated embodiment, 
a single resistive thermal device (RTD) 110 is coupled to 
the gripping element 104 and a single RTD 112 is cou- 
pled to the gripping element 1 06, see Fig. 2. While RTD's 
secured to the outer back surfaces of the gripping ele- 
ments 104, 106, are utilized in the illustrated embodi- 
ment, it should be apparent that other temperature sen- 
sors can be coupled to the gripping elements 104, 106 
in a variety of ways, for example by embedding the sen- 
sors in the gripping elements 104, 106. 

Two pairs of electrical conductors 114, 116 are pro- 
vided for making electrical connections to the RTD's 1 10, 
112. The electrical conductors are housed in sheaths 
114A, 116A which are routed through the long tubular 
member 1 08 and ultimately joined in a conductor protec- 
tive sheath 1 1 7 which terminates in a four conauctor con- 
nector 118 shown in Fig. 1 for connection to temperature 
monitoring circuitry. A second two conductor connector 
120 secured to the end of conductor protective sheath 
1 22 provides for connection of radio frequency (rf ) ener- 
gy to the gripping members 1 04, 1 06 to perform electro- 
surgical treatment using the endoscopic bipolar electro- 
surgical forceps 100. Connection of these elements for 
operation of the present invention will now be described 
with reference to Figs. 3-6. 

Fig. 3 is a schematic block diagram of apparatus for 
controlling the pair of endoscopic bipolar electrosurgical 
forceps of Fig. 1 for elect rosurgically treating tissue in 
accordance with the present invention. The same iden- 
tification numerals are used for corresponding elements 
from other drawings within the application. In Fig. 3, sec- 
tion of tissue 124 comprising two layers of tissue 124A 
and 124B which are to be engaged by the gripping ele- 
ments 104, 1 06 and elect rosurgically treated thereby are 
shown inserted between the gripping elements 1 04, 1 06. 
In the case of the pair of endoscopic bipolar electrosur- 
gical forceps 100, the two layers of tissue 124A, 124B 
are to be welded together. 

Since tissue welding is not very well understood in 
the art at the present time, tissue welding is defined here- 
in as bringing two pieces of tissue together and joining 
them together. The welding operation is believed to be 
performed by causing collagen molecules in the tissue 
to be mobilized by severing the disulfide cross linkages. 
The collagen molecules then diffuse across the interface 
between the two pieces of tissue. Finally, new disulfide 
linkages are formed across the interface between the 
two pieces of tissue thereby causing the interface to dis- 
appear. 

While temperature and impedance have been used 
separately to control electrosurgical instruments, the two 
can be advantageously combined to provide an optimum 
control of such instruments. Tissue temperature defines 



the level of activation energy available for the chemical 
reaction noted above for tissue welding; and, the imped- 
ance defines the rate at which the reaction takes place. 
By utilizing both tissue temperature and impedance, op- 
5 timum control can be attained as will be described. 

Fig. 7 graphically illustrates the change cf imped- 
ance over time during application of electrosurgical en- 
ergy to tissue. In Fig. 7, the onset of electrosurgical en- 
ergy to the tissue occurs at time t1 . Time t2 is believed 
10 to correspond to the end of the tissue heating phase and 
beginning of tissue desiccation. It is further believed that 
tissue desiccation is almost completed by time t3, and 
that tissue carbonization begins at time t4. 

While optimum control is attained by utilizing both 
15 tissue temperature and impedance as will be described, 
the present invention also provides improved control of 
an electrosurgical instrument by means of impedance 
measurement alone. In accordance with this aspect of 
the present invention an initial tissue impedance, a max- 
20 irmurm impedance for the tissue, Zmax, is determined (for 
example at time tl). A minimum impedance for the tissue, 
Zmin, which is believed to signal the approximate end of 
the initial tissue heating and the onset of tissue desicca- 
tion, is determined (for example at time t2a). An imped- 
es ance between the maximum and minimum impedances, 
Zth, is selected as a threshold, and rf power to the elec- 
trosurgical instrument is turned off when the impedance 
reaches the threshold as it rises from the minimum. Pref- 
erably the threshold is selected as the average between 
30 the maximum and minimum impedance values. This im- 
pedance control arrangement will be further described 
with reference to the combined tissue impedance tem- 
perature control. 

As shown in Fig. 3, the RTD's 110, 112 are connect - 
35 ed to a controller circuit 126 through preprocessing am- 
plifiers represented by a pair of amplifiers 128, 1 30. The 
output signals from the amplifiers 128, 130 are passed 
to the controller circuit 1 26 via conductors 1 31 . The out- 
put signals from the amplifiers 128, 1 30 are representa- 
40 tive of the temperatures of the gripping elements 104, 
106 and, accordingly, the temperature of the section of 
tissue 124 gripped between the gripping elements such 
that the controller circuit 126 can monitor the tempera- 
tures of the gripping elements 1 04, 1 06 and thereby the 
45 temperature of the section of tissue 124. 

An rf generator 132 provides rf energy to the gripping 
elements 104, 106 through a power controller 134, im- 
pedance measurement circuitry 136 and the connector 
120. The power controller 134 is responsive to a power 
50 control signal generated by the controller circuit 126 for 
controlling rf energy connected to the gripping elements 
104, 106. The impedance measurement circuitry 136 is 
coupled to the gripping elements 104, 106 for measuring 
the impedance of the tissue 124 gripped therebetween. 
55 in the illustrative embodiment of Fig. 3, the power 
controller 134 comprises a pair of normally open relay 
contacts 134A and 134B (indicated by an X) which are 
opened and closed by an associated relay coil 134C 
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which receives control signals over conductors 137. Of 
course, other electromechanical and solid state switch- 
ing devices can be used in the invention of the present 
application. 

The impedance measurementcircuitry 136 compris- 
es a low impedance current monitoring device 1 38 con- 
nected in series with the rf generator 132; and, a high 
impedance voltage monitoring device 140 connected in 
parallel across the rf generator 132. A noise filter 141 
may also be inserted between the current and voltage 
monitoring devices 138, 140 and the controller circuit 
126 to filter noise out of the signals generated by the cur- 
rent and voltage monitoring devices 138, 140 which are 
past to the controller circuit 126 over conductors 143. 

In a working embodiment of the present invention, 
current and voltage monitoring transformers were used 
for the current and voltage monitoring devices 1 38, 140. 
The current monitoring transformer was constructed on 
a toroidal iron ferrite core manufactured by Micrometals 
and having a one inch outer diameter. The current mon- 
itoring transformer was wound with 2 primary turns and 
25 secondary turns, both primary and secondary being 
24 gauge wire. The voltage monitoring transformer was 
constructed using the same type core and 24 gauge wire 
but was wound with 32 primary windings and 2 second- 
ary windings. Of course, other current and voltage mon- 
itoring devices can be used in the invention of the present 
application. In any event, current and voltage signals 
representative of the rf current flowing through the sec- 
tion of tissue 124 and the rf voltage connected across 
the section of tissue 1 24 are past to the controller circuit 
126 which converts the current and voltage signals tis- 
sue impedance values. 

A start switch 1 42 is connected to the controller cir- 
cuit 1 26 via a conductor 1 45 to generate a start signal to 
thereby initiate application of rf energy or power to the 
gripping elements 1 04, 1 06. The rf power is then control- 
led in accordance with the present invention such that 
consistent tissue welding is performed using the pair of 
endoscopic bipolar electrosurgical forceps 100. In par- 
ticular, in the illustrated embodiment, the temperature 
and impedance of the section of tissue 124 are moni- 
tored and the temperature maintained at a selected tem- 
perature until either an impedance threshold is exceeded 
or, in the event of some problem, a maximum tempera- 
ture is exceeded at which time the rf power is removed 
until the start switch 142 is once again operated. The 
start switch 142 should not be operated again until the 
surgeon controlling the pair of endoscopic bipolar elec- 
trosurgical forceps 1 00 has repositioned the forceps and 
is ready to electrosurgically treat the tissue which has 
then been engaged. 

The controller circuit 1 26 can take the form of a proc- 
essor, such as a microprocessor, in which case, the proc- 
essor may be programmed to operate in accordance with 
the flow chart shown in Figs. 4 and 5. Alternately, the 
controller circuit 1 26 can be a dedicated circuit for exam- 
ple as shown in Fig. 6. Operation of a processor control- 



led system will now be described with reference to Figs. 
4 and 5. 

Initially referring to Fig. 4, once the system has been 
activated, the processor will search for a new start signal 

5 as generated by activation of the start switch 142, see 
block 144. Upon receipt of a start signal from the start 
switch 142, the coil 1 34c is activated to turn on rf power 
to the pair of endoscopic bipolar electrosurgical forceps 
100, see block 146. 

io The temperatures, T1 and T2, of the gripping ele- 
ments 104, 106, respectively, are taken and an average 
temperature TAVG is calculated as being representative 
of the temperature of the section of tissue 124, see 
blocks 1 48, 1 50. Of course, the temperatures T1 and T2 

15 could be individually utilized if desired. 

A maximum temperature TMAX is selected which 
should never be reached in a properly operating system. 
Above TMAX, rf power is removed from the gripping el- 
ements 104, 106 until the next operation of the start 

20 switch 142. While TMAX should never be reached during 
proper operation of the system, it serves as a safety 
valve to ensure removal of rf power in the event of a prob- 
lem. TMAX may be set for example between 85°C and 
100°C. In any event, TAVG is compared to TMAX: if 

25 TAVG is greater than TMAX, the rf power is turned off by 
deactivating the coil 1 34C, a flag indicating the determi- 
nation of ZAVG is cleared and the processor returns to 
the block 144 to search for a new start signal as gener- 
ated by activation of the start switch 1 42, see blocks 1 52, 

30 1 54, the determination of ZAVG and corresponding flag 
will be described with reference to Fig. 5; if TAVG is not 
greater than TMAX, TAVG is compared to TSET, a de- 
sired operating temperature for the gripping elements 
104, 106, see blocks 152, 156. 

35 |f TAVG is greater than TSET, the rf power is turned 
off by deactivating the coil 134C, see blocks 156, 158. 
This enters the temperature control loop including blocks 
1 48, 1 50, 1 52, 1 56 and 1 58. The processor continues to 
loop, provided TAVG does not exceed TMAX, which it 

40 should not since rf power has been removed from the 
gripping elements 104, 106, until TAVG is not greater 
than TSET. At this point, the processor determines 
whether rf power is on or not, see block 1 60. If the rf pow- 
er is not on, it is turned on by returning to the block 1 46. 

45 |f rf power is turned on, the rf current IRF and rf voltage 
VRF are measured by reading the output signals from 
the current and voltage monitoring devices 1 38, 1 40 and 
the impedance Z is calculated, see blocks 162, 164. 
Referring now to Fig. 5, the flag indicating the deter- 

50 mination of ZAVG is checked, see block 166. If the flag 
is set indicating that ZAVG has been determined, the cal- 
culated impedance Z is compared to ZAVG, see block 
168. If Z is greater than or equal to ZAVG, the rf power 
is turned off by deactivating the coil 1 34C, the flag indi- 

55 eating the determination of ZAVG is cleared and the 
processor returns to the block 144 to search for a new 
start signal as generated by activation of the start switch 
142, see blocks 168, 154. If Z is less than ZAVG, the 
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processor returns to the block 148 to measure T1 and 
T2 and continues in the flow chart. 

If the flag indicating that ZAVG has been determined 
is not set, the processor determines whether Z is the in- 
itial and hence maximum Z value, see Fig. 7 and related 
description, see block 170. If Z is the initial Z, ZMAX is 
set equal to Z and a variable Z1 is also set equal to Z. 
The processor then returns to the block 1 48 to measure 
T1 and T2 and continues in the flow chart, see block 172. 
If Z is not the initial Z, then Z is compared to Z1 , see block 
174. If Z is not greater than Z1 , then Z1 is set equal to Z 
and the processor then returns to the block 148 to meas- 
ure T1 and T2 and continues in the flow chart, see block 
176. 

If Z is greater than Z1 , then ZMIN is set equal to Z1 
and ZAVG is calculated by dividing ZMAX + ZMIN by 2, 
see blocks 178, 180. The ZAVG flag is then set and the 
processor then returns to the block 148 to measure T1 
and T2 and continues in the flow chart, see block 182. 
Accordingly the temperature is controlled to substantial- 
ly equal TSET and the rf power is turned off until a new 
start signal is received if either: the calculated imped- 
ance Z exceeds ZAVG; or, if the calculated average tem- 
perature TAVG exceeds TMAX. 

An example of the controller circuit 126 configured 
as a dedicated circuit will now be described with refer- 
ence to an illustrative embodiment of such a circuit 
shown in Fig. 6 as a schematic block diagram. The new 
start signal as generated by activation of the start switch 
142 is received on a reset input of a set/reset flip-flop 
184. Resetting the flip-flop circuit 184 enables an AND 
gate 186 whose output is connected to a driver circuit 
1 88. The output signals from the amplifiers 1 28, 1 30 rep- 
resentative of the temperature of the gripping elements 
104, 106 are past to a temperature sense circuit 1 90 of 
the controller circuit 1 26 via conductors 1 31 . 

The temperature sense circuit 1 90 generates an out- 
put signal representative of the temperature of the sec- 
tion of tissue 124, for example the average of the tem- 
peratures of the gripping elements 104, 106. The output 
signal from the temperature sense circuit 190 is past to 
two comparator circuits 1 92, 1 94. The comparator circuit 
194 compares the output signal from the temperature 
sense circuit 1 90 to TSET which is set by a potentiometer 
1 96 with the output signal from the comparator 1 94 being 
past to the AND gate 186. 

Thus, when the AND gate 186 is enabled by the 
flip-flop circuit 1 84, the comparator 1 94 controls the driv- 
er circuit 188 to apply rf power to the gripping elements 
104, 106 whenever the sensed temperature is less than 
or equal to TSET. Whenever the sensed temperature is 
greater than TSEt, the comparator 1 94 controls the driv- 
er circuit 188 to disconnect rf power from the gripping 
elements 104, 106. In this way, the temperature of the 
gripping elements 1 04, 1 06 and the section of tissue 1 24 
are maintained at substantially the temperature TSET. 

The comparator 192 compares the output signal 
from the temperature sense circuit 190 to TMAX which 



is set by a potentiometer 1 98 with the output signal from 
the comparator 1 92 being past to an OR gate 200. The 
output of the OR gate is connected to the set input of the 
flip-flop 184 such that if TMAX is exceeded, the flip-flop 
5 1 84 is set disabling the AND gate 1 86. 

Current and voltage signals on the conductors 143 
are past to an impedance sense circuit 202 which con- 
tinuously calculates a corresponding impedance Z signal 
which is past to a comparator 204, a ZMAX sam- 
10 ple-and-hold, S/H, circuit 206 and a ZMIN sam- 
ple-and-hold, S/H, circuit 208. 

The ZMAX S/H circuit 206 is initially enabled through 
an inverter 210 which is connected to an output 212 of 
the circuit 206 indicated that it is not yet holding a ZMAX 
15 value. Since the initial impedance value measured will 
be a maximum, this value will be captured and retained 
by the ZMAX S/H circuit 206. At this time, the output 212 
changes to disable the ZMAX S/H circuit 206 and enable 
the ZMIN circuit 208. 
20 The ZMIN S/H circuit 208 will be enabled until it has 
captured and retains the ZMIN value at which time the 
impedance signals from the impedance sense circuit 202 
will rise such that there will be no more changes in the 
ZMIN S/H circuit output. An output 214 of the ZMIN S/H 
25 circuit 208 is connected to an AND gate 216 such that 
the AND gate 216 is enable when ZMIN has been deter- 
mined. 

A potentiometer 218 is connected between the out- 
puts of the ZMAX and ZMIN S/H circuits 206, 208 with a 
30 wiper of the potentiometer being connected as an input 
to the comparator 204. Accordingly, by adjusting the po- 
tentiometer 21 8 : a value between ZMAX and ZMIN can 
be selected as a threshold value. For example, a middle 
value can be selected such that the threshold value 
35 would be approximately the average between ZMAX and 
ZMIN. Of course other threshold values can be selected 
as required. 

When the impedance Z signal from the impedance 
sense circuit 202 exceeds the threshold value deter- 
40 mined by the potentiometer 21 8, the output of the com- 
parator 204 is past through the AND gate 216 and the 
OR gate 200 to set the flip-flop circuit 184 which resets 
the ZMAX and ZMIN S/H circuits 206, 208 for the next 
operation of the controller circuit 126 and controls the 
45 driver circuit 188 to disconnect rf power from the gripping 
elements 1 04, 1 06. It is noted that a normally closed con- 
tact (indicated by a dash) of a relay 220 is also controlled 
by the driver circuit 188 to lock-up the output of the im- 
pedance Z signal from the impedance sense circuit 202 
50 whenever the rf power is not connected to the gripping 
elements 104, 106. Otherwise, erroneous impedance 
signals would be generated by the impedance sense cir- 
cuit 202. 

Having thus described the invention of the present 
55 application in detail and by reference to preferred em- 
bodiments thereof, it will be apparent that modifications 
and variations are possible without departing from the 
scope of the invention defined in the appended claims. 
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imum acceptable temperature to a tissue tempera- 
ture derived from temperatures indicated by said at 
least one temperature sensor coupled to said first 
element and generating a control signal to enable 
5 said power controller as long as said tissue temper- 
ature does not exceed said maximum acceptable 
temperature and to disable said power controller 
upon a tissue temperature exceeding said maximum 
acceptable temperature. 

w 

5. An electrosurgical apparatus for coagulating tissue 
during a surgical procedure as claimed in claim 4 
further comprising at least one temperature sensor 
coupled to said second element and wherein said 

is tissue temperature is derived from temperatures 
indicated by said at least one temperature sensor 
coupled to said first element and said at least one 
temperature sensor coupled to said second ele- 
ment. 

20 

6. An apparatus for electrosurgical ly treating tissue 
during a surgical procedure, said apparatus com- 
prising: 

an instrument for applying rf energy to tissue 
25 to be electrosurgically treated; 

impedance measurement circuitry coupled to 
said instrument for measuring the impedance of tis- 
sue engaged by said instrument and for generating 
a representative impedance signal; 
30 temperature measurement circuitry coupled to 

said instrument for measuring the temperature of tis- 
sue engaged by said instrument and for generating 
a representative temperature signal; and 

control circuitry responsive to said impedance 
35 signal and said temperature signal for controlling rf 
energy connected to said instrument. 



Claims 

1. An electrosurgical apparatus for coagulating tissue 
during a surgical procedure, said apparatus com- 
prising: 

first and second elements electrically insu- 
lated from one another and movable relative to one 
another for engaging tissue to be coagulated there- 
between; 

a power controller responsive to a power con- 
trol signal for controlling rf energy connected to said 
first and second elements; 

impedance measurement circuitry coupled to 
said first and second elements for measuring the 
impedance cf tissue between said first and second 
elements, said impedance measuring circuitry 
including: 

a first device for storing an initial maxi- 
mum impedance value; and 

a second device for storing a minimum 
impedance value; 

a threshold determining circuit coupled to said 
first and second devices for determining a threshold 
impedance value between said initial maximum 
impedance value and said minimum impedance 
value; and 

a first comparator for comparing measured 
impedance values to said threshold impedance 
value and generating a power control signal to stop 
said power controller upon said measured imped- 
ance value exceeding said threshold impedance 
value. 

2. An electrosurgical apparatus for coagulating tissue 
during a surgical procedure as claimed in claim 1 
wherein said power controller includes at least one 
electrical switch for selectively applying rf energy to 
said first and second elements for coagulating tissue 
positioned between said first and second elements. 

3. An electrosurgical apparatus for coagulating tissue 
during a surgical procedure as claimed in claim 1 
wherein said threshold determining circuit com- 
prises an averaging circuit for determining an aver- 
age impedance value approximately midway 
between said initial maximum impedance value and 
said minimum impedance value and setting said 
threshold impedance to said average impedance 
value. 

4. An electrosurgical apparatus for coagulating tissue 
during a surgical procedure as claimed in claim 1 
further comprising: 

at least one temperature sensor coupled to 
said first element; 

a third device for determining a maximum 
acceptable temperature for coagulating tissue; and 

a second comparator for comparing said max- 



7. An apparatus for electrosurgically treating tissue 
during a surgical procedure as claimed in claim 6 

40 wherein said instrument comprises a pair of forceps 
for coagulating tissue during a surgical procedure. 

8. An apparatus for electrosurgically treating tissue 
during a surgical procedure as claimed in claim 6 

45 wherein said impedance measurement circuitry 
comprises: 

a first device for storing an initial maximum 
impedance value; 

a second device for storing a minimum imped- 
50 ance value; and said control circuitry comprises: 

a threshold determining circuit connected to 
said first and second devices for determining a 
threshold impedance value between said initial max- 
imum impedance value and said minimum imped- 
55 ance value; and 

a first comparator for comparing measured 
impedance values to said threshold impedance 
value and generating a control signal to stop said 
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power controller upon said measured impedance 
value exceeding said threshold impedance value. 

9. An apparatus for electrosurgically treating tissue 
during a surgical procedure as claimed in claim 6 
wherein said control circuitry includes at least one 
electrical switch for selectively applying rf energy to 
said instrument. 

10. A method of operating apparatus for electrosurgi- 
cally treating tissue during a surgical procedure, said 
method comprising the steps of: 

applying rf energy to tissue to be electrosurgi- 
cally treated by means of an electrosurgical instru- 
ment; 

measuring the impedance of tissue engaged 
by said electrosurgical instrument; 

generating an impedance signal representa- 
tive of the impedance of said tissue; 

measuring the temperature of tissue engaged 
by said electrosurgical instrument; 

generating a temperature signal representa- 
tive of the temperature of said tissue; and 

controlling the rf energy applied to said elec- 
trosurgical instrument in response to said imped- 
ance signal and said temperature signal. 

11. A method of operating electrosurgical apparatus for 
coagulating tissue during a surgical procedure, said 
method comprising the steps of: 

engaging tissue to be coagulated between first 
and second elements electrically insulated from one 
another and movable relative to one another; 

selectively controlling rf energy connected to 
said first and second elements for coagulating tissue 
positioned therebetween; 

measuring the impedance of tissue positioned 
between said first and second elements; 

storing an initial maximum impedance value; 

storing a minimum impedance value; 

determining a threshold impedance value 
between said initial maximum impedance value and 
said minimum impedance value; 

comparing measured impedance values to 
said threshold impedance value; and 

stopping said rf energy connected to said first 
and second elements upon said measured imped- 
ance value exceeding said threshold impedance 
value. 

12. A method of operating electrosurgical apparatus for 
coagulating tissue during a surgical procedure as 
claimed in claim 11 wherein said step of selectively 
controlling rf energy connected to said first and sec- 
ond elements comprises the step of switching said 
rf energy on and off. 

13. A method of operating electrosurgical apparatus for 



coagulating tissue during a surgical procedure as 
claimed in claim 11 wherein the step of determining 
a threshold impedance value between said initial 
maximum impedance value and said minimum 

5 impedance value comprises the steps of: 

determining an average impedance value 
between said initial maximum impedance value and 
said minimum impedance value; and 

setting said threshold impedance to said aver- 

io age impedance value. 
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